Background: Patient-reported health-related quality of life (HRQOL) differs between treatment options for prostate carcinoma. Long-term HRQOL data in brachytherapy series are scarce. Therefore, we analyzed prostate-specific and general HRQOL in patients treated with brachytherapy for prostate carcinoma after long-term follow-up. Methods: Two hundred ninety-six patients with prostate carcinoma were treated with brachytherapy (01/1998-11/ 2003). General and prostate-specific HRQOL were measured using EORTC-QLQ-C30 and EORTC-QLQ-PR25, respectively. Patients were asked to complete the questionnaires after a median follow-up of 141 (119-181) months. QLQ-C30 results were compared to the German reference population. QLQ-PR25 results were compared to an earlier follow-up after a median of 51 months (no published QLQ-PR25 reference population for comparison). Additionally, a literature review on HRQOL data in brachytherapy series was performed. Results: One hundred six (35.8%) patients were lost to follow-up, 70 (23.6%) had died. 120 (40.5%) patients were contacted. 80 questionnaires were returned (27% of the original cohort; 91% of alive patients were ≥70 years). Sexual activity declined over time (mean scores: 40.5 vs. 45.5; p = 0.006), hormonal treatment-related symptoms, problems associated with incontinence aids, and burden of obstructive urinary symptoms did not differ significantly compared to the 51-month follow-up. General HRQOL was numerically better in our cohort as compared to the German reference population (> 16% relative difference for both age strata; < 70 and ≥70 years). Conclusions: Our results indicate that symptom-burden after long-term follow-up and associated prostate-specific HRQOL remains relatively stable from 51 to 141 months. General HRQOL in surviving patients was numerically better compared to the reference population.
Background
There is still a lack of evidence of the optimal treatment option for men with localized prostate carcinoma [1] [2] [3] [4] . Treatment decisions might therefore be influenced by anticipated long-term changes in quality of life. Recently, the 10-year outcomes of the ProtecT trial, comparing radical prostatectomy with external beam radiation therapy (EBRT) or active surveillance were published [4] . Cancer-specific mortality was low in all study arms (< 2%). Health-related quality of life (HRQOL) was evaluated up to 5 years after treatment [5] . Specific function scales showed that radical prostatectomy had the greatest negative effects on sexual function and urinary continence. EBRT had a temporary impact on sexual function, and negative effects on bowel function [5] . The Prostate Cancer Outcomes Study [6] showed similar results after a follow-up of 2.5 years; however, differences between the groups decreased over time. Taken together, the Prostate Cancer Outcomes Study and the ProtecT study indicate a need for long-term quality of life assessments because toxicity and specific HRQOL change over time. Unfortunately, both studies did not have a brachytherapy arm.
Brachytherapy for localized prostate carcinoma is a well-established treatment option for localized prostate carcinoma in the US [1] and the EU [2, 3] . Although HRQOL has been reported in brachytherapy series, longterm results are scarce. The most detailed analyses have been reported by Miller [7] , Pardo [8] , and Sanda [9] .
Miller et al. [7] analyzed quality of life after a median follow-up of up to 6.2 years after LDR-brachytherapy. The authors compared the results to an earlier analysis at a follow-up of 2.6 years. Irritative-obstructive symptoms and bowel symptoms improved over time (2.6 vs. 6.2 years). Patient-reported urinary incontinence symptoms worsened. Pardo and co-workers [8] compared patients treated with radical prostatectomy, EBRT or brachytherapy after 3 years. They reported that: "longterm modifications of adverse effects (…) tended to reduce differences between treatment groups (radical prostatectomy, EBRT, brachytherapy) over time". Despite the reduction of differences, the initial patient-reported HRQOL profile remained characteristic for each treatment option over the observation period of 3 years. The third study with a follow-up of 2 years has been published by Sanda et al. [9] . The authors described similar HRQOL profiles compared to the aforementioned analysis.
In the German population with prostate carcinoma, the applicable guideline [3] specifically recommends the use of available European Organization for Research and Treatment of Cancer (EORTC-) tools for HRQOL evaluation in patients with prostate carcinoma. The EORTC-QLQ-C30 questionnaire [10, 11] evaluates general HRQOL and burden of typical cancer symptoms. Prostate-specific HRQOL is measured by the EORTC-QLQ-PR25 questionnaire [11, 12] .
Based on the long-term observations after radical prostatectomy and EBRT, we assumed that HRQOL might change over time after brachytherapy. We decided to investigate the impact of brachytherapy on HRQOL in patients with long-term follow-up (119-141 months). Available studies on this topic are scarce. Basically, only Drummond et al., reported on a registry study which included brachytherapy patients with a follow-up of more than ten years after initial diagnosis using QLQ-PR25 and QLQ-C30. Even in this national registry analysis, the authors were only able to identify 33 brachytherapy patients with a follow-up of five to ten years and four patients with a follow-up of at least ten years. All other studies we identified in our literature research did not have a follow-up of ten years or more (see Additional file 1: Table S1 for details).
Taken together, there is a need for long-term HRQOL data in patients with prostate carcinoma.
Our study aims to fill this gap. We analyzed long-term general-, and prostate-specific HRQOL as recommended by the EORTC in a single-center German patient cohort treated with LDR brachytherapy. Our patient cohort has already been analyzed by Schaefer et al. after a follow-up of 51 months (data cut-off: 2004) [13] . The authors reported on 231 surveys from 296 patients who were initially treated, 12.8% (n = 38) had died before 2004 (n = 258 alive) and 9.1% (n = 27) patients did not return evaluable surveys. Urinary symptom scores showed a mean score of 29.7 (QLQ-PR25); 46.7% of patients reported moderate to strong urination frequency symptoms. Incontinence aids were required by 12.9% of patients. Severe erectile dysfunction was described by 39.6% of patients. Fecal incontinence was rare (2.8% moderatesevere). These data are in line with available literature. [7] [8] [9] 14] . Based on the trends identified by Miller et al., we assumed that irritative-obstructive symptoms might further improve over time while urinary incontinence burden was expected to worsen over time [7] .
General HRQOL was not evaluated in our cohort at an earlier time point. General HRQOL results were therefore compared to the German age-stratified reference population.
Prostate-specific HRQOL was compared to the 1st follow-up (51 months). An eligible reference population is currently not available for QLQ-PR25.
Furthermore, we performed a literature review to identify other studies analyzing QLQ-C30 and/or QLQ-PR25 results after long-term follow-up of prostate carcinoma patients treated with brachytherapy in international patient populations.
Methods
Patients: The study was approved by the ethics committee of Heidelberg University, Medical Faculty Mannheim (2013-597 N-MA).
From January 1998 to November 2003, a total of 296 patients underwent Iodine-125 seed implantation as monotherapy for localized prostate carcinoma. The brachytherapy planning target volume consisted of the prostate gland with a 5 mm anterior and lateral margin on each ultrasound slice. The minimal peripheral dose was > 140 Gy for Iodine-125 seeds. Intraoperative planning using ultrasound imaging was performed with treatment planning software (Variseeds, Varian, Charlottesville, VA, USA). Occasionally, pretreatment planning was also performed. 6 weeks post implant. All patients received post-planning CT evaluations at 6 weeks following seed placement. Antihormone therapy was administered at the urologist's discretion in case of biochemical recurrence but was not administered routinely prior (or concurrently) with brachytherapy.
Further details on the treated patient cohort and earlier QLQ-PR25 measurements have been published by Schaefer et al. [13] . After a median follow-up of 51 months (data cut-off 12/2004), 38 patients had died, 258 patients were alive and 231 patients had returned questionnaires.
HRQOL as measured by QLQ-C30 has not been assessed previously in this patient group. Baseline HRQOL results were also not available. Patients of the original cohort were contacted by phone, and, if not available at repeated calls, via relatives, general practitioners or urologists. Questionnaires were sent via regular mail to all patients of the original cohort who were alive and could be identified.
Questionnaires: EORTC QLQ-C30 (V 3.0) includes five functional scales: physical, role, cognitive, emotional, and social function. Three symptom scales are evaluated: fatigue, nausea/vomiting and pain. Furthermore it includes a general health status/global HRQOL scale and a number of single items assessing symptoms commonly reported by cancer patients: Dyspnoea, loss of appetite, insomnia, constipation, diarrhea, and (perceived) financial impact of the disease [10, 11] .
Validity and reliability of the QLQ-C30 have been extensively reported in a variety of treatment settings, including prostate carcinoma [10, 12, 15] . As described previously, differences in scores of QLQ-C30 scales were considered clinically relevant when the difference exceeded 10 points [10, 14] .
QLQ-PR25, EORTC's prostate specific module incorporates 25 items and has been designed and validated for localized and metastatic prostate cancer [11, 12] . The latest version of the module includes 3 multi-item symptom scales: Urinary-, bowel-, and hormonal treatmentrelated symptoms, respectively. Furthermore, it includes a single item to measure "bother due to the use of an incontinence aid" ("incontinence burden") which is conditionally applied if patients are wearing an incontinence aid. Sexual activity is incorporated as a function scale. In case of any sexual activity during the last 4 weeks, the sexual functioning scale is applied as a conditional functioning scale [12] .
All of the scales and single-item measures range in score from 0 to 100. A high score for a functional scale represents a high/healthy level of functioning. The same is true for the global HRQOL. A high score for a symptom scale represents a high level of symptomatology/ problems [11] .
Search strategy: To identify comparable datasets with long-term follow-up after brachytherapy, we queried PubMed with the following search terms: (qlq-c30 OR c30 OR qlqc30) AND brachytherapy AND prostate. Search criteria for QLQ-PR25 were as follows: (qlq-pr25 OR pr25 OR qlqpr25) AND brachytherapy. All articles in languages other than English were excluded from further evaluation.
All statistical calculations were performed using SPSS (V 15.0), or "R", a language and environment for statistical computing that is available for free online [16] . Scoring of scales was computed with a modified version of an R package published by Anota et al. [17] Spearman's nonparametric correlation coefficient was calculated to identify correlations between nonparametric variables. Differences in QOL variables over time were calculated using Wilcoxon's approach for paired samples; in case of dichotomous variables, McNemars test was used to compute statistical differences. The MannWhitney U test was used to calculate significance of differences between independent samples. Both approaches for paired analysis include only patients who were available at both time points of the analysis (i.e. patients who were not available at the 2nd analysis are excluded in the first dataset) and show differences for paired samples of the same patient at different time points. If not otherwise specified, all mean values detailed in the results section apply to all patients who returned the required item at a certain time point.
Results
Out of 258 patients who were alive in 2004, 106 were lost to follow-up or could not be reached (no information: n = 100; clinical information available but patients could not be reached: n = 6). 32 patients had died since the last follow-up in 2004 (38 + 32 = 70 patients diseased). All available clinical data are summarized in Table 1 . The remaining 120 patients were contacted via phone. Fourteen patients declined to participate. Evaluable questionnaires were returned from 80 patients. Mean age of patients who answered the questionnaires was 78.1 years (range: 63-94; 7 patients were 60-69 years old, all others were ≥70 years old). Subgroup analysis were performed (age groups: 70-74, 75-79, 80-84, 85 or older) but due to limited patient numbers, all patients ≥70 were considered elderly which is in line with the German reference population analysis [18] . The median period of follow-up after implantation was 141 months (range: 119-181 months). Patients who returned evaluable questionnaires had low, intermediate, and high risk prostate carcinoma in 62.5%, 10%, and 5%, respectively as classified by D' Amico et al. [19] . Staging was incomplete or missing in 22.5% of responders. Further clinical characteristics and outcome data on the full patient cohort are summarized in Table 1 . We have not performed a detailed evaluation of clinical outcomes.
QLQ-C30 long-term results and comparison to German reference data.
QLQ-C30 was not scored at baseline, therefore, we compared our long-term results to the German reference population [18] . Age groups were stratified as described by Schwarz et al. (60-69 years vs. ≥ 70 years). Only 7 patients were left in the younger (60-69 years) group in our dataset, therefore the following results refer to the elderly group of patients (≥ 70 years). All data of both the young (60-69), and the elderly (≥ 70 years) patients as compared to the German stratified reference population are summarized in Fig. 1 [18] .
Global quality of life was increased (i.e. better function) by 16.9% in our elderly study group as compared to the German reference population (10.4 points difference in the elderly group, 14.2 points difference in the younger group).
Physical, and role function scales were also increased but not clinically relevant as defined by the EORTC [10] .
Emotional function results were similar (81.4 vs. 81.5), social function was decreased but the difference was not clinically relevant (6.6 points).
The overall pain item score was lower in our group (40.7%; 11 points difference). Furthermore, dyspnoea, insomnia, and financial impact scores were lower compared to the reference population (difference below threshold for clinical relevance).
Elevated symptom scores in the brachytherapy group were as follows: diarrhea, constipation, and appetite loss, all of these, differences were too small to be clinically relevant as defined by the EORTC; (see Fig. 1 for details) .
Changes in EORTC-QLQ-PR25 since last follow-up and identification of other long-term data in the literature for comparison (see Table 2 for details).
Sexual activity was significantly lower in the long-term Table 2 shows all QLQ-PR25 results over time. There is no German reference population to which we could compare our results.
Results of our systematic literature search for other long-term QOL results using EORTC QLQ-PR25 in patients receiving brachytherapy are shown in Additional file 1: Table S1 . We were not able to identify a similar cohort with a long-term follow-up. The only study including (n = 4) patients with more than 10 years of follow-up was the aforementioned Irish registry analysis [20] .
Associations of local symptom burden as measured by QLQ-PR25 with general Quality of life.
Prostate-specific QLQ-PR25 symptom scales were negatively correlated with general quality of life (significant for incontinence burden, urinary-related, bowelrelated, and hormonal treatment-related symptoms, all p < 0.05; see Additional file 2: Table S2 for details). Sexual activity was positively associated with global HRQOL (p = 0.006). Sexual function showed no correlation with global HRQOL, however this was expected as sexual function is a conditional scale which is only filled out by patients who had sexual activity during the last four weeks (i.e. patients who returned a low score still had more sexual activity as compared to patients who did not answer the questions at all). If patients without sexual activity were compared to those with (any) sexual activity, global HRQOL was increased in those who still had sex (mean global HRQOL scores: 65.6 vs. 77.1; p = 0.041). Patients who needed to wear incontinence aids showed reduced global HRQOL scores as compared to patients who did not require an incontinence aid (global HRQOL 75 vs. 55.1). All associations of QLQ-PR25 scores with general quality of life as measured by global HRQOL are shown in Additional file 2: Table S2 .
Discussion
Although some studies on prostate carcinoma patients cover long-term follow-up periods well above 10 years [21] , they rarely include patients treated with brachytherapy [22] . Most recently, two studies on side effect profiles (without HRQOL) in brachytherapy series have been published: Cosset et al. [22] reported on a French series of patients who had received LDR brachytherapy with a median follow-up of~11 years. Toxicity, according to NCI-CTC (2.0) [23] but not quality of life was assessed. The authors reported a cumulative rate of grade 3-4 chronic urinary toxicity of 5.8% and a low incidence of rectal toxicity (grade 3-4: 1.65%). Grade 3 erectile toxicity was observed in 22.1% of patients, however in the elderly patient group (> 70 years at treatment), the rate was 41% [22] .
Another study with a long-term toxicity assessment in a population with young prostate carcinoma patients (≤ 60 years at treatment) has been published by Buckstein et al. [24] , similar to the French study, the authors found low rates of GU toxicities (4.5% continued grade ≥ 2 toxicity after 10 years), and no GI toxicity persisted after 10 years (cumulative: 8.3% grade ≥ 2 GI events were observed). Of patients who were potent before treatment, 69% remained so after 10 years of follow-up [24] . While these studies indicate a favorable long-term safety profile, it has been shown that HRQOL results might differ in a clinically relevant and statistically significant way from physician-assessed side effects [25] [26] [27] . This has been specifically observed in prostate carcinoma by Gravis et al. [25] in the randomized setting of the GETUG-AFU 15 trial. HRQOL data showed worse side effects as perceived by the patients when compared to physician's assessment.
Patient-reported HRQOL results should therefore be analyzed for each treatment option and results must be discussed with patients when it comes to treatment decisions. In our literature search, we were able to identify several brachytherapy studies which reported HRQOL as proposed by the EORTC. However we could not identify a study with a long-term follow up (median ≥ 10 years) that reported QLQ-C30, or QLQ-PR25 results.
Data from our patient series indicate that patients who received brachytherapy for localized prostate carcinoma have a high general quality of life after long-term followup. Surprisingly, global HRQOL scores were well above the German age-adjusted reference population [18] . Furthermore, our cohort of patients had less pain as compared to the reference. Social function as measured by SF was worse in our population although the difference would not be considered clinically relevant (6.6 points) [10, 14] . All other general HRQOL scores showed minor differences as compared to the reference population. Multiple studies have shown that prostate carcinoma patients may have similar or even better general HRQOL results after local treatment compared to healthy populations [7, [28] [29] [30] . This observation has been explained as "posttraumatic growth" or "benefit finding", i.e. idenfication of a benefit from adversity [28, [31] [32] [33] .
In contrast to general quality of life, there is no German reference dataset concerning prostate-specific quality of life as measured by QLQ-PR25. Due to the lack of such a reference population, we compared our dataset to the first available follow-up visit. The percentage of patients who were still sexually active was only slightly reduced as compared to the first follow-up (58.7 vs. 63%), however, patient's perceived quantity and quality of sexual intercourses was significantly reduced. In patients who were still sexually active, sexual function had not decreased over time. As expected, age was significantly associated with lower sexual activity scores in both analyses. Surprisingly, urinary function as measured by urinary-related symptoms improved over time; however the difference was not statistically significant (scores: 24.3 vs. 29.7). The Improvement of urinary urgency has been observed in other studies during the first years post-therapy [34] . It is currently uncertain how long this trend continues and when it is reversed by the onset of age-related urinary symptoms. We did not evaluate systemic treatments or clinical outcomes systematically, so it is unclear if the increased symptom burden in hormonal treatment-related symptoms was age-related or related to hormonal therapy in case of cancer recurrence. Bowel symptoms did not change over time in our patient cohort. The percentage of patients with incontinence numerically increased by 3.4%. Additionally, problems associated with incontinence aids significantly increased in the long-term follow-up and general HRQOL was clinically meaningful and significantly reduced in case of incontinence. Our study has several shortcomings:
1. It is a retrospectively designed study which is prone to bias. Specifically, patients may be more likely to answer questionnaires, when they are relatively healthy as opposed to unfit patients. This might, to some extent, explain the good outcome of our study cohort and it underscores the need for prospective studies. 2. We are lacking pre-treatment data in both QLQ-C30, and QLQ-PR25 questionnaires, therefore we are not able to analyze changes from baseline.
Furthermore, we analyzed no QLQ-C30 data in the first (post-treatment) analysis; hence differences over time cannot be assessed. 3. We did not prospectively evaluate all treatment outcomes in detail. Therefore, we were not able to show associations between treatment outcomes or salvage treatments and HRQOL. 4. Our initial population included patients who were unfit for other treatments and patients who decided to undergo brachytherapy even if they were not optimal candidates. This resulted in 17.6% of patients with high-risk, and 6.1% of patients with advanced disease (30.4% incomplete data). Our HRQOL results might be negatively influenced by this treatment selection.
Despite these shortcomings, our study provides insights for patients and caregivers about long-term HRQOL after LDR brachytherapy for prostate carcinoma.
Conclusions
Taken together, our study shows that general HRQOL in patients treated with prostate brachytherapy is good. This is despite to a decrease in sexual function and increasing problems with incontinence (aids) over time, as well as constant bowel symptoms in 8% of patients. Total rates of incontinence in the cohort were still low (16%) and had increased only slightly (3%) over time. Both incontinence and impotence affected general quality of life in this cohort of elderly patients. Urinaryrelated symptoms did not worsen over time from the 5th to the 12th year of follow-up.
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